The intention of this paper is to review research on lapse in life insurance and to outline potential new areas of research in this field. We consider theoretical lapse rate models as well as empirical research on life insurance lapse and provide a classification of these two streams of research. More than 50 theoretical and empirical papers from this important field of research are reviewed. Challenges for lapse rate modeling, lapse risk mitigation techniques, and possible trends in future lapse behavior are discussed. The risks arising from lapse are of high economic importance. As such, lapsation is of interest not only to academics, but is also highly relevant for the industry, regulators, and policymakers.
Introduction
Today's insurance policies allow policyholders to choose among a large number of options that can significantly influence the extent of the insurer's liabilities (see Bauer et al., 2006; Gatzert, 2009; Kling et al., 2011) . For example, policyholders can surrender their policy and receive a surrender value (the so-called surrender option) or they can opt to discontinue premium payments (the so-called paid-up option). Originally, the term "lapse" meant termination of an insurance policy and loss of coverage because the policyholder had failed to pay premiums (see Gatzert, 2009; Kuo et al., 2003) . In the academic literature, however, lapse often denotes both termination of a policy accompanied by payout of a surrender value to the policyholder and termination without any payment (see, e.g., Renshaw and Haberman, 1986; Kuo et al., 2003) .
1 A broader definition of the term lapse also includes the paid-up option (see, e.g., Life Insurance and Market Research Association (LIMRA), 2005; Committee of
European Insurance and Occupational Pensions Supervisors (CEIOPS), 2009). In the new
European Union regulatory regime Solvency II, the lapse risk module covers "all legal or contractual policyholder options which can significantly change the value of the future cashflows. This includes options to fully or partly terminate, decrease, restrict or suspend the insurance cover as well as options which allow the full or partial establishment, renewal, increase, extension or resumption of insurance cover" (CEIOPS, 2010, p. 155) .
The risks arising from lapse are of high economic importance for a variety of reasons. A massive lapse event can threaten the insurer's liquidity and force the selling of assets. Lapsation might also lead to a loss of potential future profits; specifically, early lapses could result in substantial losses if the insurer is not able to retrieve acquisition costs (Prestele, 2006, e.g., claims that only half the life insurance policies in Germany stay in force until the end of their 1 Lapse and surrender thus both refer to the termination of an insurance contract before maturity. While lapse often refers to the termination of policies without payout to policyholders, surrender typically indicates that a surrender value is paid out. In this work, lapse is used to refer to both the termination of an insurance contract with and without payout of a surrender value. This is in line with existing literature (e.g., Kuo et al. 2003; Eling and Kiesenbauer, 2011) and also consistent with standard measures of lapse which typically include both lapsed policies and surrendered ones.
policy terms). Moreover, the option to lapse can enhance adverse selection, especially in cases when policyholders can lapse without incurring any substantial lapse fees. Lapses also diminish the effectiveness of risk pooling. Finally, high lapse rates can have a negative effect on the insurer's reputation, which might result in even more policyholders lapsing, as well as harm new business.
European Union regulators have identified lapse as one of the main risk drivers of life insurance companies. In fact, the recent Quantitative Impact Study (QIS) 5 of the new regulatory framework Solvency II showed that lapse risk is the most important risk among life underwriting risks (see EIOPA, 2011) . Moreover, recent history shows that lapses can be problematic for life insurers facing solvency issues. According to the Comité Européen des Assurances (CEA, 2009 ), companies such as Equitable Life, Standard Life, and Mannheimer Holding experienced significantly increasing lapse rates in the course of their turmoil. As an analogue to bank run, Harrington (1992) uses the term "policyholder run" to describe the problems several insurers faced in the late 1980's. Thus, research on lapse rates is crucial to a proper calibration of regulatory standard models (see, e.g., Watson Wyatt, 2004; CEIOPS, 2009 ) and internal risk models, among other reasons.
The aim of this paper is to review what research has already been done on life insurance lapse and to foster future research by outlining what needs to be done in this important field. The core of this paper is a structured review of 44 theoretical and 12 empirical papers on life insurance lapse. Only seven of the 56 papers are published before the year 2000, which emphasizes the increasing importance and topicality of this field of research in actuarial literature.
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Lapsation is of interest not only to academics, but is of high importance for the industry, regulators, and policymakers, especially in regard to designing an appropriate regulatory environment. Moreover, lapsation impacts many actuarial tasks, such as product design, pricing, hedging, and risk management. The intention of our paper is not to provide details regarding the mathematical work, but to focus on the insurance economic content of the models, both from a theoretical and from an empirical perspective.
The remainder of the paper is organized as follows. Section 2 reviews the existing lapse research. We first consider theoretical lapse rate models, reviewing terminology and providing a classification by product type and modeling approach. Then we review empirical research on life insurance lapse, again providing a classification including product type and modeling approach. Here we also review potential data sources for lapse research that shall help researchers to get an overview of appropriate data. In Section 3 we outline potential avenues for future research. We discuss challenges for future lapse rate models, lapse risk mitigation techniques, and possible trends in future lapse behavior. Of course, this discussion is subjective in nature, but our hope is that it might serve as a helpful outline for academics and practitioners interested in lapse research. We conclude in Section 4.
Theoretical Models and Empirical Evidence

Lapse Models
In this section, we discuss lapse rate models presented in academic literature. We first analyze the current academic terminology and use this to develop a general framework for lapse rate modeling. The general framework should not be understood as a quantitative model; it rather should serve as a qualitative framework summarizing the most important aspects in modeling lapse rates. Based upon these thoughts, we then discuss different lapse rate models.
Framework for a General Lapse Rate Model
To date, the academic literature is not consistent in terminology regarding lapse. Consiglio and De Giovanni (2010) differentiate between "lapse behavior [due] to economic and/or social factors, such as the unemployment rate, interest rate, age, education, etc." and "an internal decision process, where the investor rationally exercises his right to surrender the policy."
De Giovanni (2010) specifies optimal lapse behavior and not optimal behavior, defining the first as the situation "where policyholders rationally choose whether to exercise the option or not" (again as an internal decision process). Not optimal behavior is specified as "irrational surrenders." The terms exogenous and endogenous are used by Bacinello (2005) , among oth-ers. A more detailed classification is made by Li and Szimayer (2010) , who distinguish "exogenous reasons," "the surrender option as an American-style contingent claim to be exercised rationally," "suboptimal surrender" with a "decision parameter," and "portfolio level surrender" characterized by an "increasing function of the ratio of the surrender value and the value when holding the contract until maturity."
As starting point for the development of a general lapse rate model, we assign the above terminology to deterministic and dynamic lapse. Deterministic lapsation is not scenario specific and thus can be considered within offline calculations. For performance reasons, internal risk models of insurance companies should be designed to perform as many calculations as possible outside of the scenario-specific online calculations in order to avoid redundancy. Lapse drivers that are scenario specific are classified as dynamic. An overview of the terminology in the context of a general lapse rate model, along with some examples, is presented in Figure 1. The left part of Figure 1 shows the variety of information that can be used as lapse drivers. In a lapse rate model these can then either be used scenario-independent which results in a deterministic lapse rate model or these can be incorporated in scenarios which then results in a dynamic lapse rate model. Note that the classification strongly depends on the model, for example of the financial market model.
Dynamic lapsation is a result of an internal decision process, therefore we classify endogenous lapse according to Bacinello (2005) as dynamic. Exogenous lapsation that depends on external factors is classified as deterministic. Usually, social, individual and economic factors are modeled deterministic, but some of these factors (e.g., health status, GDP, unemployment rate) are also suitable for stochastic modeling and therefore can also be used for modeling dynamic lapsation. Social, individual, and economic factors might lead to irrational lapsa-tion, 3 whereas rational lapsation depends on factors such as market rates and in-themoneyness or value of guarantees. Full rationality leads to optimal behavior and is usually modeled as dynamic lapse.
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Figure 1: Framework of a lapse rate model
Lapse Rate Models
The academic literature on lapse models has expanded the traditionally consideration of deterministic lapse rate tables to a dynamic modeling of lapse rates. In the following, we distinguish the dynamic lapse rate models introduced in literature by their assumptions about policyholder rationality and by the considered product type. With respect to rationality, we distinguish among pure dynamic lapse rate models that allow for optimal dynamic lapsation assuming rational and risk-neutral investors (Table 1) and optimal dynamic lapsation assuming rational and risk-averse investors (Table 2) . General Lapse rate models that incorporate 3 Note that policyholders who lapse for these reasons usually are behaving very rationally from their point of view so that irrational lapsation only refers to the modeling standpoint. This illustrates that-like many modeling approaches-lapse rate models reflect only a part of the true decision-making process.
dynamic and deterministic lapse offer the possibility to model suboptimal lapsation (Table 3) .
Regarding the product type, life insurance products can be classified into three broad categories: traditional products, unit-linked products, and variable annuities. Table 1 : Optimal dynamic lapsation assuming rational and risk-neutral policyholders A rational and risk-neutral policyholder immediately surrenders an insurance policy when the surrender value exceeds the continuation value. The surrender value is usually given or can easily be calculated at any point of time within the model while the calculation of the continuation value requires some effort. Since the continuation value depends on future states of the financial market model, the valuation of the surrender option requires a backward approach.
The algorithm can be demonstrated with a simple binomial tree (see Figure 2) , similarly used by the Cox-Ross-Rubinstein valuation method. Let , ∈ 0, . . , , denote the policyholder's account value.
max , denotes the value of the policy at maturity, where is an endpoint guarantee. , ∈ 0, . . , 1 is the surrender value, where is a surrender fee. Starting with an initial account value at 0 we can derive all values for , the maturity value and the surrender values. Now, beginning at 1 and going backwards, we can derive the continuation values (assuming no surrender at )
, ∈ 0, . . , 1 5 , and the total value of the policy max , , ∈ 0, . . , 1 , and . The value of the surrender option is then defined as the difference between the total values of the policy at 0 calculated with and without the surrender option. Unfortunately, sophisticated financial market models, a complex composition of the insurer's asset portfolio and the existence of other financial guarantees make it impossible to value surrender options using the Cox-Ross-Rubinstein (CRR) model or even to derive closed-form solutions by solving partial differential equations (PDE). Therefore, the models of the papers stated in Table 1 using the CRR or the closed-form PDE valuation method are heavily simplified and of limited practical use. For example, Bacinello (2005) uses a binomial model with a stochastic fund value, a constant risk free rate, a deterministic decrement model and simple (linear or maximum) functions for the benefit at maturity and death as well as the surrender value.
Expanding the valuation approach of the CRR by not posing restrictions to the model in use, the Longstaff and Schwartz method is commonly used by today's practitioners, not only for the valuation of surrender options but for many actuarial problems involving nested simulations. The restriction here is, as with all simulation methods, the limit on computational capacities.
The framework presented in Table 1 can be generalized by removing the assumption of riskneutral policyholders and the maximization of the terminal value of their investment. The literature listed in Table 2 assumes that policyholders act to maximize their expected utility.
This framework allows for risk-averse policyholders engaging in a more complex decision process. Justified by bequest motives, the decision process can also account for death benefits. All papers presented in Table 2 use utility functions from the class of constant relative risk aversion. . The policyholder maximizes his expected discounted utility over a stopping time . Given that no surrender charges apply, the problem can be described by max Ε with an increasing and concave utility function , 0 1.
The assumption of optimal behavior can be relaxed by introducing a threshold, i.e. a decision parameter or transaction costs that allows for lapsation only when it is significantly beneficial to lapse the policy. This approach, as done by Ho et al. (2005) , Chen et al. (2008) and Bernard and Lemieux (2008), leads to a special case of suboptimal behavior but is not capable of allowing for deterministic lapse. Dynamic lapse rate models can, however, also include deterministic elements which then incorporate suboptimal behavior (see Table 3 ). In Figure 1 , we categorize these models as general lapse rate models that include both dynamic and deterministic elements. The moneyness of the surrender option expresses the relationship between the surrender value and the continuation value or account value of the policy.
Two popular modeling techniques have emerged for constructing combined lapse rates. The lapse intensity can be decomposed into a constant, representing the deterministic lapses, and a dynamic variable, representing dynamic lapse. The combined lapse rate is then calculated using the multiple decrement model. This technique is used by Kolkiewicz and Tan (2006) , Tsai et al. (2009 ), De Giovanni (2010 , Li and Szimayer (2010) , and Le Courtois and Nakagawa (2011). In accordance with Kolkiewicz and Tan (2006) , we define the baseline hazard rate function μ and the stochastic hazard rate function μ , Ɵ , , … , Ɵ , with Ɵ denoting the lapse drivers. Then the lapse rate , on the interval 1, can be obtained by:
The other technique uses deterministic lapse rates as base rates, which can be adjusted by dynamic factors, the so-called dynamic lapse multipliers. This technique is used by the Amer- It is also possible to combine these two both modeling techniques as well as to expand the model in order to achieve maximal flexibility with respect to type and number of lapse drivers. Most papers use the spread of the market rate to the policy rate or the moneyness of the surrender option (i.e. the proportion of the surrender value to the continuation value of the insurance policy) as a dynamic lapse driver. Both academics and practitioners consider these as the two main drivers of dynamic lapses. Since lapse rates can also be driven by multiple factors, some other interesting drivers have been implemented in dynamic lapse rate models.
Le Courtois and Nakagawa (2011) introduce a stochastic lapse rate correlated with stochastic interest rates and other risky assets. In Kolkiewicz and Tan (2006) , the lapse rate is driven by stochastic volatility and Kochanski (2010) uses the return of the policies' assets as a lapse driver. Anzilli and De Cesare (2007) presents dynamic lapses driven by mass media advertising, while Morgan (2010) uses the proportion of unrealized losses to the policies' assets.
Empirical Evidence
We now turn to empirical studies of life insurance lapse. The literature presented in Table 4 can be subdivided into two parts depending on the explanatory variables considered. The first set of literature, presented in Panel A of Table 4 , focuses on environmental variables (i.e., macro-economic indicators or company characteristics). The second set of literature, presented in Panel B of Table 4 , focuses on product and policyholder features. More research has been published on the first set (environmental variables) since publicly available data can be used. There is less work focusing on policyholder and product characteristics since individual data on policies are needed which is typically confidential. Moreover, in some cases the data might not be available at the company level because of system changes, migrations, or even the non-existence of an appropriate data warehouse. For both streams of literature we present the countries covered, the types of policies, the time period, variables, and main results (the structure of Panel B of Table 4 is oriented at Eling and Kiesenbauer, 2011 , who also provide an empirical analysis of the German market and discuss more details on the product and policyholder characteristics).
Data Sources for Lapse Analysis
An important basis for research on life insurance lapse is the profound knowledge on what type of data is available from which sources. For this reason we first describe the various data sources that have been considered in literature which might be helpful for researchers to identify the data available. We thereby focus on the information on lapse (most studies consider additional data on unemployment rates or interest rates which are then taken from the respective countries statistical yearbooks (e.g. the Bank of England Quarterly Bulletin) or supranational institutions (such as, e.g., the International Monetary Fund)). 1952-1985 1955-1979 (annually), 1966-1979 (semiannualy) 1951-1998 1997-2000 1993-2003 1993-2003 1997-2009 Outreville (1990) and Kuo et al. (2003) . Moreover, since 1961 the Life Insurance and Market Research Association (LIMRA) compiled volume data of ordinary life insurance that lapses within 13 months of issue or conversion (early lapse) and publishes these semi-annually in the as the United States and Canadian "I3-Month Ordinary Lapse Survey."(see Outreville, 1989) . Another source of data used in literature comes from the Society of Actuaries' Risk Management Task Force (see Kuo et al., 2005b; Cox and Lin, 2006) . In 2005 the Society of Actuaries also sponsored a joint study with LIMRA which considers pooled data from 22 participating companies (see Purushotham, 2005) .
As mentioned, LIMRA also collects semi-annual lapse information for Canada. Besides the LIMRA data, annual rates on all whole-life policies have been computed with the data of the "Annual Report of the Superintendent of Insurance" in Canada (see Outreville, 1990) . In
Germany, Kiesenbauer (2011) considered lapse data which is collected by the German regulator BaFin.
All empirical studies considering individual policyholder data (Panel B in Table 4 ) use confident information from one company. An exception is the early work by Renshaw and Habermann (1986) which consider pooled data from seven Scottish life insurance companies which has been provided by the Scottish Faculty of Actuaries.
Evidence for Environmental Variables
The research on environmental causes of life insurance lapse focuses on two prominent hypotheses, the "interest rate hypothesis" and the "emergency fund hypothesis." The interest rate hypothesis states that lapse rates are negatively related to internal rates of return (such as surplus participation), and positively related to external rates of return (such as market interest rates or stock returns; see Dar and Dodds (1989) or Kuo et al. (2003) for more details).
The emergency fund hypothesis claims that personal financial distress forces policyholders to lapse their contracts in order to access the surrender value (see, e.g., Outreville, 1990 ). These two hypotheses are studied empirically in Dar and Dodds (1989) , Outreville (1990) , and Kuo et al. (2003) . The empirical findings are not consistent, which may be due to differences in the markets, product types, methods, time periods, and variable specifications employed. Dar and Dodds (1989) test both the interest rate hypothesis and the emergency fund hypothesis considering lapse data for endowment policies in the United Kingdom. They find evidence in favor of the emergency fund hypothesis, but no significant relationship between surrenders and rate of return. Outreville (1990) studies the emergency fund hypothesis with lapse data of whole-life insurance in the United States and Canada. The results provide consistent evidence for the emergency fund hypothesis.

 Kuo et al. (2003) investigate both hypotheses using U.S. data and cointegration techniques in order to address long-term lapse dynamics. They find that the interest rate effect is economically more significant than the unemployment rate in explaining lapse rates.
Overall, the interest rate hypothesis finds more support than the emergency fund hypothesis.
Another aspect which might become more and more relevant in the context of the interest rate hypothesis is the secondary market for life insurance. In this case, life settlement providers or other market participants purchase life insurance policies. With the increasing growth in this market it might substantially affect future lapse rates. Other relevant aspects that might make the interest rate hypothesis even more relevant in the future are the trends towards lower surrender fees, higher transparency and better information of the policyholders.
As shown in Panel A of Table 4 , three studies focus on interest rates and/or unemployment as indicator for adverse economic conditions. Kim (2005a Kim ( , 2005b , Cox and Lin (2006) , and
Kiesenbauer (2011) go further by considering a broader set of economic variables and by also including selected company characteristics in the analysis. All these papers use the same broad class of generalized linear models.
Kim (2005a) models aggregate lapse rates of a South Korean insurer for four product categories (endowment, annuity, protection plan, and education). The contract age since policy inception is considered as product characteristic. Their results show that policyholder lapse behavior depends on additional exogenous factors beyond interest rates and unemployment rates. Kim (2005b) and Cox and Lin (2006) use a comparable set of explanatory variables and analyze single premium deferred annuity business in the United States. They arrive at similar conclusions as Kim (2005a) . Moreover, Cox and Lin (2006) indicate that the Poisson and the negative binomial regression models are more appropriate for modeling lapse behavior, but that these models require individual (i.e., single contract) rather than aggregate lapse rate data. Finally, Kiesenbauer (2011) analyzes lapse in the German life insurance market using the same modeling approach as Kim (2005a) . He employs market data to study lapse behavior with respect to economic indicators and additional company characteristics such as company age, company size, or legal form. The results support the conclusion that factors beyond interest rates and unemployment influence lapse behavior, including company characteristics.
Evidence for Policyholder and Product Characteristics
The literature analyzing individual contract data with respect to product and policyholder characteristics is very limited, possibly because this type of data is typically treated as confidential. Only aggregated lapse rate information is publicly available in most life insurance
markets. An analysis of product and policyholder characteristics, however, requires more detailed data, which can only be provided by life insurers.
As shown in Panel B of Table 4 , Renshaw and Haberman (1986) is the only paper that considers data from more than one company. All other papers use data from only one life insurer and consider only one product category (with the exception of Eling and Kiesenbauer, 2011, who consider multiple product categories). Again, all studies use generalized linear models to identify relevant contract features and policyholder characteristics.
The findings from the empirical studies regarding product and policyholder characteristics are not directly comparable since they use different data samples and explanatory variables.
However, all studies identify a number of significant explanatory variables. Moreover, Renshaw and Haberman (1986) find an additional significant interaction between policy type and duration of policy. This finding can be interpreted to mean that lapse rates do not depend on one factor only, but on a combination of factors. All characteristics considered in Kagraoka (2005) are identified as significant, including the change in unemployment rate as an economic indicator. The latter result supports the emergency fund hypothesis. Such effects are captured only indirectly in the other studies using calendar year information. Cerchiara et al. (2009) show the importance of policy duration, calendar year, and product class. Milhaud et al. (2010) find the biggest surrender risks for policies that include a fiscality constraint (i.e., surrender charges apply only for a certain part of the contract duration). When the contract has reached the point at which the policyholder can surrender without penalty, the lapse risk increases significantly. Other relevant risk factors include policyholder age and method of payment (i.e., regular vs. single premiums).
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Overall, the empirical evidence underlines the importance of the interest rate as one of the most fundamental lapse drivers. This aspect is integrated in the dynamic lapse models presented in Section 2. Moreover, the empirical evidence makes clear that lapse rate models that are not driven by contract characteristics (such as policy duration and fiscal constraints) and other economic factors (such as unemployment rate) might significantly misjudge the true lapse risk. These factors are not very well incorporated in current lapse rate models so that significant need for future research can be taken from these empirical observations.
Areas for Future Research
Based on the above literature review, we now discuss potential areas for future research. We first analyze the design of lapse rate models, followed by a discussion of topics for future empirical research. Here we also discuss lapse risk mitigation techniques and factors that might influence policyholder behavior, such as the increasing availability of information.
Design of Future Lapse Rate Models
Lapse rate models usually take account of dynamic changes in interest rates and lapse. However, the growing importance of risk-based valuation and regulatory requirements for today's insurance business will necessitate an extension of current models. We see three main fields of research that are crucial for the design of future lapse rate models in practice. Firstly, how are interaction, information, and individual or collective decision making reflected in dynamic lapsation? Secondly, how significant is the impact of adverse selection on dynamic lapses?
And thirdly, how do policyholders behave in extreme scenarios?
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Another recent paper which is not contained in Table 4 is the work by Pinquet et al. (2011) who use proportional hazard models to analyze long-term insurance contracts. This paper is not included in Table 4 since they analyze a product bundle with health, life, and long-term care components. They find that policyholders who lapse their contracts have better health histories than those that continue their contracts.
The extant academic literature already provides some approaches to answering these three questions. With respect to the first question, Shumrak et al. (1999) discuss the interaction of policyholders and brokers and its impact on the decision to lapse. The impact of mass media advertising is treated by Anzilli and De Cesare (2007) . With respect to the second question, Vannucci (2003) brings together adverse selection and the valuation of the surrender option.
With respect to the third question, a framework for modeling policyholder behavior in extreme scenarios is presented by Loisel and Milhaud (2011) . This field of research requires a deep analysis of historical data and policyholder needs as well as experimental results and other findings from behavioral finance. 8 The Society of Actuaries' "Policyholder Behavior in the Tail" working group (PBITT) regularly performs surveys in order to assess dynamic lapsation and utilization models of US-based insurers for variable annuities and unit-linked products with secondary guarantees. Furthermore, modern techniques based on "extreme value theory" (see Xue, 2012) or "predictive modeling" (see Towers Watson, 2010 ) might help to explore policyholder behavior in the extreme tails.
A number of modeling issues are likely to emerge in the context of dynamic lapse rate models. For example, model and parameter uncertainty should be treated with particular caution. Incomplete data and an inflated level of aggregation can provide only weak empirical evidence. Highly aggregated lapse rate data and the lack of extreme scenario samples are especially challenging problems. These may become more acute in the near future due to Solvency II requirements regarding proper documentation and proof of accuracy of internal models.
The latest "Variable Annuity Guaranteed Benefits Survey" (PBITT, 2012) revealed that many insurers rely on "best guess" or insufficient company experience for policyholder behavior under extreme conditions. In addition, integrating extensive dynamic lapse rate models with existing internal models might be difficult because of the architecture of these models or due to limited computational resources.
Regarding the literature on optimal dynamic lapsation assuming rational and risk-averse investors, it is eye-catching that all existing papers consider utility functions from the CRRA class. These utility functions are very popular especially for their mathematical tractability.
They might, however, not necessarily describe the true decision making process. Other types of utility functions might therefore be considered in lapse research. One particular promising approach which has not yet been explored in lapse modeling might be the incorporation of reference based utility functions and other elements of prospect theory / behavioral insurance (see, e.g., Wakker et al., 1997) .
Another aspect that needs consideration in actuarial modeling and pricing is that product type has an influence on lapse behavior. Thus, lapse risk mitigation techniques might need to be adapted to product type. Charging lapse fees, providing policyholders with appropriate and adequate information, and intelligent product design are among the main lapse risk mitigation techniques. For example, some insurers use lapse-supported pricing in order to be more competitive. Daily (2004) describes the risks associated with these methods. Other factors such as marketing campaigns and costs might also influence lapse behavior. In general, the effect of marketing measures on lapsation is mostly unexplored in actuarial literature. One of the few papers that analyses the effects of marketing on satisfaction, retention, and prices in the life insurance industry is Crosby and Stephens (1987) . Both more theoretical and empirical research might be done to study the link between relationship marketing, customer satisfaction and lapsation in life insurance.
Finally, it might also be worthwhile to consider completely different fields of literature and to compare the cancellation of a life insurance contract with other economic events. In banking there is a variety of literature surrounding the sudden cancelation and withdrawal of deposits, especially following the work on bank runs by Diamond and Dibvig (1983) . Also results on customer satisfaction and retention in other industries such as automobile or mobile phone industry might provide relevant insights for life insurance lapse. The cancellation of a mobile phone contract might not be directly comparable to lapse, but it might be interesting to study how other researchers model these types of events and what measures are used to mitigate such risks in these industries (see, e.g., Mittal and Kamakura, 2001 ).
Avenues for Future Empirical Research
The discussion in Section 2.2. shows many directions for future empirical research. First, it is noteworthy that there is no analysis of product and policyholder characteristics using U.S.
data (see Panel B in Table 4 ). This is surprising, since, typically, there is a great deal of research that employs U.S. data, and very little outside of the U.S. market. However, when it comes to research on lapse, the opposite appears to be the case.
Moreover, we could find hardly any lapse research dealing with lines other than life insurance. For example, we could find hardly any research on lapse in health insurance or in other fields of long-term insurance; the only exception is the recent paper by Pinquet et al. (2011) discussed in Section 2.2. Also non-life insurance might be interesting to consider in this context. Although non-life contracts are typically set up for one year only, annual renewal is the norm, making lapse or retention a very important factor in this line of business. For life insurance, cancellation and embedded options have been broadly analyzed in recent years, but we do not know as much about the premium renewal process in non-life insurance. We found only one study, a German-language dissertation by Pohl (2009) empirically analyzing a portfolio of German motor insurance policies. From an economic point of view the lapse decision in life insurance is comparable to the renewal decision in the non-life sector so that a transfer of the ideas and methods can generate a fruitful area of future work.
Another interesting avenue for future research which is in the interconnection between the theoretical (modeling) and empirical work might be the development of a lapse prediction model. Such a model could be useful in designing programs geared toward the retention of customers shown to be likely to lapse (Prestele, 2006) . The development of a prediction model requires additional model validation procedures, e.g., splitting the data set into a fitting and testing sample (see, e.g., Cerchiara et al., 2009; Kiesenbauer, 2011) . Moreover, a number of alternative modeling approaches might be investigated, such as, e.g., fitting of polynomials or other appropriate functions to the different levels of the analyzed factors (see Eling and Kiesenbauer, 2011) . This might allow a more profound analysis of interaction effects.
The life insurance business and its associated risks exhibit a long time horizon. Insurers thus need to identify emerging risks and their impact on today's product design and risk management. Future lapse behavior will also be influenced by the regulator and legislation, market development, and policyholders' level of information. All these aspects might be integrated in empirical studies of lapse behavior, e.g., effects of new legislation on lapse rates. For example, the results by Milhaud et al. (2010) emphasize the importance of fiscal legislation to lapse rates.
Recent changes in legislation reveal potential political and regulatory trends. For example, in Germany, lapse fees have been capped and guaranteed surrender values have been raised (see Bundesministerium der Justiz, 2008) ; in Norway, lapse fees have been abolished (see Nordahl, 2008) . The overall trend in Europe is to mandate higher surrender values, which may lead to more lapsation. Furthermore, regulatory changes such as Solvency II imply higher costs, encouraging policyholders to consider other forms of investment. Insurers also need to keep in mind that future insurance markets may be significantly different than today's: different products and growing consolidation of the insurance business will affect future lapse rates, too. Being alert to structural breaks and time effects is thus crucial, especially in light of long time horizons.
Another recent development that might affect future lapse rates is the secondary market for life insurance. Gatzert et al. (2010) describe the impact of speculation against insurers by the emerging secondary market. Finally, policyholders are likely to become more and better informed due to an increasing number of independent agents and the availability of detailed product information and comparisons enabled by the Internet. In summary, it is safe to assume that in the future, policyholders' lapse behavior will be both more dynamic and more rational which might serve as an interesting basis for empirical work.
Conclusion
The intention of this paper was to review the extant academic literature on lapse in life insurance and to identify potential areas of new research in this important field. Lapse rate modeling has been a very active field of research in the last years, as evidenced by the 44 papers on lapse modeling considered in our review. Moreover, a fair amount of empirical work (another 12 papers reviewed here) has been done, especially on the issue of how environmental variables affect lapse. Research on individual policyholder and contract information is more scarce since such information is typically treated as confidential.
Although much has been done in recent years, there is still plenty of room for future research, both from a theoretical as well as from an empirical point of view. Challenges for lapse models are the inclusion of interaction effects, level of information, and individual or collective decision-making processes. Moreover, adverse selection and extreme scenarios should be incorporated in the models. On the empirical front, more can be done regarding other markets, prediction models, and the effects of new legislation or the increasing secondary market on lapse risk. The empirical methods applied in the life insurance sector could be applied to other branches of the insurance industry, e.g., to analyze drivers of renewal decisions in health and property-casualty sector. Our hope is thus that this paper will serve as an encouragement to additional theoretical and empirical research on lapse in years ahead.
